For citation: Bonisławska M., Tański A., Mokrzycka M., Brysiewicz A., Nędzarek A., Tórz A. 2013. The effect of effluents from rainbow trout ponds on water quality in the Gowienica River. Journal of Water and Land Abstract Fish farming and especially rearing and breeding of rainbow trout and carp is one of potential sources of surface water pollution. The study was aimed at assessing the effect of a rainbow trout farm on water quality in the Gowienica River in winter. Temperature, pH, electrolytic conductivity, total suspended solids, dissolved oxygen, BOD 5 , COD Cr , alkalinity, water hardness, calcium, magnesium, ammonium-nitrogen, nitrate-nitrogen (III and V) and total phosphorus were determined according to Polish Norms and APHA [1995] in water samples collected in winter up-and downstream the study object. The increment of pollutant concentrations in rainbow trout farm effluents was referred to the requirements in Rozporządzenie MŚ [2006].
INTRODUCTION
Dynamic development of fish farms that produce mainly rainbow trout and carp may result in the pollution of surface waters which feed ponds and at the same time are effluent recipients [SOBOCIŃSKI et al. 2003; QUANT et al. 2009 ]. Such fish farms may affect river water quality and seasonally change its flows. On the other hand, the changes may influence the river biodiversity [MADEYSKI 2001; MURAT-BŁA-ŻEJEWSKA 2001] . Effluents from fish rearing and breeding ponds contain a large percent of nutrients. When flowing through a fishpond, river waters become polluted which means an increase in BOD 5 , COD, and in the concentration of nutrients (nitratenitrogen, ammonium-nitrogen, total nitrogen, total phosphorus) and suspended solids [SOBOCIŃSKI et al. 2003; TELEŻYŃSKI 2004; QUANT et al. 2009] . The impact of fish rearing on surface waters depends on many factors, mainly on water intake, fish stock, amount and quality of fodder and on the proportion of fodder to water flow and fish stock [PRĄDZYŃSKA 2004] . Apart from the main, productive role, fishponds retain water in the catchment and mitigate floods during intensive rainfalls [BARSZCZEWSKI, KACA 2012] .
Intensive fish farming needs different fodders which, given in appropriate doses, should be highly energetic and easily digestible. A marked progress in fodder production (total abandonment of wet fodder) decreased the amount of nutrients introduced to waters of rainbow trout farms [AMIRKOLAIE 2011; DA-VIDSON et al. 2013; GORYCZKO 2008] . Literature data [KOSTURKIEWICZ, MURATOWA 1993; JEZIERSKA-MA-DZIAR 1995] show that 5-20% of fodder of new generation is ingested by fish. Apart from the remains of unused fodder, water is polluted by fish excreta. Therefore, each fishpond should have a water treatment system in a form of commonly used earthen ponds or concrete pools. Such a system enables effective sedimentation of suspended solids, which are then removed [GORYCZKO 2008] . Moreover, the use of a foil in the settling pool which serves as a substratum for algae and invertebrate fauna may increase the efficiency of water treatment [SZLAUER 1996; SZLAUER, SZLAUER 1998 ].
The Gowienica River is a first-order river of a length of 47.9 km, which flows through Maszewo, Goleniów, Osina and Przybiernów communes in zachodniopomorskie province and discharges to Szczecin Lagoon (Stepnicka Bay). Catchment area of the river is 364.9 km. and river springs are located in a peat valley in Maszewo commune near the villages Burów, Mostów and Pogrzymie. The largest tributary of the Gowienica is the Stepnica River which discharges near Bodzęcin. According to Reports on the environmental status in zachodniopomorskie province in the years 2008-2009 and 2010-2011 , waters of the Gowienica River are polluted. High indices of organic pollution were noted in the river along the stretch from Goleniów Forest till the river outlet in the years 2010-2011. Then, the status of the Gowienica River waters was estimated as bad [WIOŚ… 2013] . Despite unsatisfactory water quality of the river, studies carried out in the years 2009-2010 revealed numerous spawning sites of the sea trout (Salmo trutta m. trutta) in a section from Łoźnica to the river outlet to Stepnicka Bay [TAŃSKI et al. 2011] . The river flows through Goleniów Forest which belongs to the special areas of nature protection -Natura 2000.
The aim of the study was to assess the effect of effluents from a rainbow trout farm on water quality in the Gowienica River along the study section.
OBJECT AND STUDY METHODS
Studies were carried out in winter since November 2010 till March 2011. Water for analyses was sampled acc. to the norm [PN-ISO 5667-6: 2003 ] from the Gowienica River in two sites: I -upstream and II -downstream the fish farm in Łoźnica (zachodniopomorskie province) (Fig. 1) . Fig. 1 . Catchment basin of the Gowienica River with marked sites of water sampling upstream (I) and downstream (II) the rainbow trout farm in Łoźnica;
source: own study Fish farm is situated on the right of the river in 21+750 -22+670 km of its course and consists of 10 fish fry basins, 5 rearing basins and additional facilities like: aeration well, pump station, settling tank, sludge plots and effluent clarifier (Fig. 2) .
The rainbow trout production in the farm is annual and amounts 80 t of fish of an individual mass from 20 to 330 g. During the study period, fishponds contained ca. 30 t of fish. Farm owner informed that water for farm needs is taken at a rate of 350 l·s -1 from the river dammed by a weir in 21+900 km of the river course.
Sampling site I was situated 1500 m upstream the farm in Łoźnica. Backwater from the weir did not reach this site. River in this site was 1.2 m deep and 5.0 m wide. The river channel was regulated, banks were overgrown by shrubs and the bottom was muddy.
Sampling site II was situated 300 m downstream the fish farm. River width was 6.5 m and depth ranged from 0.7 to 0.9 m there, depending on season. Bottom was sandy and muddy. Bands of aquatic vegetation were composed of the arrowhead, curly-leaf pondweed, rushes and, periodically, of duckweeds.
Water flow was measured with the ultrasonic flowmeter during sampling in the upstream site.
Temperature, pH and conductivity were measured in the sampling sites. Then, in the laboratory total alkalinity, total hardness, chlorides, calcium and magnesium were determined in water with titrimetric methods according to Polish Norms and APHA [1995] . Various forms of nitrogen and total phosphorus were determined with colorimetric methods using 6059: 1999] According to recommendations in the Directive of the Minister of Environment of 24. July 2006, elevated concentration of suspended solids in both sampling points in November was not considered due to torrential rainfall which delivered a large, single load of suspension.
Values of particular water quality indices were determined in sampling point I (water feeding the fishpond -WZ) and in sampling point II (effluents -WP). The difference in concentrations (WP -WZ) represented an increase of water pollution by the fishpond. Obtained increment of pollutants was compared with the highest allowable increase of concentrations in waters used for rearing and breeding of salmonid and other fish given in annex 9 to the Directive of the Minister of Environment of 24. July 2006 (Dz. U. 2006 nr 137 poz. 984).
RESULTS AND DISCUSSION
Obtained results of parameters characterising physical, thermal and oxygen conditions in the Gowienica River showed a slight increase of temperature by 0.5°C between sites I and II in November, December and February (Tab. 2).
Concentrations of suspended solids ranged from 8 to 50 mg·dm -3 in point I and from 10 to 68 mg·dm [2000] [2001] [2002] [2003] for the needs of legal water documentation showed that waters in the studied stretch of the Gowienica River had the 2 nd class of water quality with the exception of COD Cr . Monitoring and classification performed in [2008] [2009] [2010] [2011] showed that water quality at the outlet of the Stepnica to the Gowienica River was unsatisfactory [WIOŚ… 2011; 2013 ]. An assessment of physical and chemical parameters of the Gowienica River in two sampling points situated KLITYŃSKI 2007 ] reveal that many farms in Przybiernów commune (the Gowienica River flows through) have uncontrolled waste water management. Therefore, untreated waste waters are discharged directly into the ground or to nearby ditches from where they reach the river.
These information indicate that fish farm effluents are not the main reason of poor river water quality. Literature data report that the risk associated with effluents from fish farms pertain mainly to increased concentrations of suspended solids, COD, BOD 5 and nutrients (ammonium-nitrogen, total phosphorus and total nitrogen) [SEYMOUR, BERGHEIM 1991; SOBO-CIŃSKI et al. 2003; QUANT et al. 2009 ]. Elevated concentrations of these components result from fish metabolites, left over fodder and from other pollution sources associated with fish farm functioning. To gain a broader perspective, one should compare these sources of pollution with others like agriculture or industry. In Denmark, organic pollutants from fish (mainly rainbow trout) farming expressed as BOD 5 constitute less than 3% of the total while 66.0% of pollution originates from agriculture, 21.0% from industry and 10% from municipal waste waters. Pollution expressed in total nitrogen concentrations caused by fish farming constitutes less than 1%, by agriculture -89.0%, by municipal waste waters -9.0% and by industry -2.0%. Respective figures expressed in total phosphorus are less than 2.0% for rainbow trout farming, 47.0% for municipal waste waters, 29.0% for agriculture and 22.0% for industry [FES 1992] .
In Poland, fish farm effluents may be released to surface waters if they conform to the requirements listed in the Directive of the Minister of Environment of 24 th July 2006. Therefore, we tested whether the concentrations of selected substances exceeded the maximum allowable values in waters used for salmonids rearing (Tab. 5).
Mean increments of BOD 5 , COD Cr , suspended solids and total phosphorus did not exceed the threshold values given in the Directive. However, particular indices (suspended solids and COD 5 ) exceeded these values in March (Tab. 5).
Water flow through fishponds is an important element affecting water quality in the river. Flows in the cross-section of the Gowienica River in Łoźnica upstream the fish farm determined with the Kostrzewa method acc. to hydrobiological criterion with the consideration of k coefficient for the Lower Odra River Table 5 . Maximum allowable concentrations of substances in waters of the studied section of the Gowienica River used for rainbow trout rearing (WP -farm effluents, WZ -inflowing waters) in view of requirements given in the Directive of the Obtained results indicate that in winter (November -March) when the production of the rainbow trout is two times smaller (30 tons) and feeding fish at low water temperatures is limited to minimum, pollution generated by fish farming is small and does not affect water quality of the studied section of the Gowienica River and hence does not pose a risk to natural reproduction of salmonids which spawn in the river in winter [KESZKA et al. 2008; TAŃSKI et al. 2011] . Methods of gradual treatment of fishpond effluents in the farm in Łoźnica are applied to limit the effect of fish rearing on river water quality. They consist in the maximum concentration of faeces in a small water volume. For this purpose, "silence zones" are built in pools -zones fenced with a net where water is not mixed by fishes and faeces and fodder remains may settle. Then, highly condensed sediments from these zones are directed to a pumping station, then to a condenser and settling tank. Sediment is later transferred to sedimentation lagoons and, after drying, used as fertiliser. Partly treated supernatant waters are also directed to the lagoons where nutrients are absorbed by vegetation (reed). So treated waters flow free (gravitationally) to the river (Fig. 2) .
Five years long studies of QUANT et al. [2009] on the effect of a fish farm producing the rainbow trout, carp and sturgeon (100 tons per year) on water quality in the Rega River also showed that, despite a decrease of water quality in farm effluents, the increments of concentrations of analysed parameters were within allowable limits given in the Directive of 24 th July 2006.
Present study and the analysis of potential water pollution in the river show that the production of rainbow trout in the winter time does not pose a risk for water quality in the Gowienica River and, as did QUANT et al. [2009] , one may conclude that potential risk from fish production is small.
The construction of sewerage and sewage treatment plants in Łoźnica, Dzisna and Budzieszewice [KLITYŃSKI 2007 ] together with proper functioning of fish farm should improve water quality in the studied stretch of the Gowienica River and increase the populations of valuable and protected fish species and hence will contribute to the increase of biodiversity in this river.
CONCLUSIONS
1. Hydrochemical studies of waters of the Gowienica River entering and leaving the fish farm in Łoźnica showed that in the winter time 2010-2011, the increase of concentrations of studied water quality parameters fell within the allowable limits given in the Directive of 24. July 2006 and hence, fish production did not pollute waters downstream the fish farm.
2. An analysis of potential sources of water pollution in the river (up-and downstream the fish farm) showed that fish production did not pose a greater threat to waters of the Gowienica River along the study section. Unsatisfactory water quality of the river is mainly a result of agricultural and municipal pollution.
3. To improve water quality of this river attractive for tourists, one should undertake activities to construct sewerage and sewage treatment plants in communes drained by the river and to pay attention to the protection of valuable fish species living there. 
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